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Abstract
Aim: Lower respiratory tract infections including mainly pneumonia represent an important public health problem leading to high mortality and 
mobidity rates in children aged below five years in developing countries including our country. Vitamin D deficiency has been associated with 
increased risk of rickets/osteomalacia, various cancers, autoimmune diseases, hyperproliferative skin diseases, cardiovascular system diseases and 
infectious diseases. Vitamin D has an important role in cellular and humoral immunity and pulmonary functions. Vitamin D deficiency and lower 
respiratory tract infection are common health problems in children in our country and no clinical study investigating the relationship between these 
problems has been conducted so far. In this case-control study, we aimed to assess the association between vitamin D level and lower respiratory 
tract infection in children.
Material and Methods: Sixty-three children aged between six months and five years with lower respiratory infections and 59 age-matched chil-
dren who had no history of respiratory symptoms in the last month and no accompanying chronic disease were compared in terms of vitamin 
D levels. The children in the patient group were also evaluated by the clinical picture. 
Results: No significant correlation was found between vitamin D levels and lower respiratory tract infection in terms of disease and its severity. 
However, it was found that vitamin D deficiency/ insufficiency was observed with a high rate in all children included in the study. 
Conclusions: Although no correlation was found between vitamin D level and lower respiratory tract infection, it is recommended that vitamin D level 
should be measured in children with lower respiratory tract infection and vitamin D supplementation should be given to all children especially in winter 
months based on the fact that the level of vitamin D was lower than normal in approximately half of the children included in the study and considering 
the effects of vitamin D on infections, pulmonary functions and immunity.  (Turk Pediatri Ars 2016; 51: 94-9)
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Introduction 

Lower respiratory tract infections (LRTI) are among the 
most important causes of morbidity and mortality in 
the childhood. Approximately two million children aged 
below five years die each year because of LRTI (1). The 
factors which predispose to lower respiratory tract infec-
tions include age (<1 year), low birth weight, premature 
delivery, malnutrition, underlying morbidity, breast-
feeding failure, low socioeconomical level, crowded life 
conditions (large family, nursery care etc.),  poor access 
to healthcare services, maternal age and education, in-
door and outdoor air pollution (including mainly smok-
ing), inadequate immunization and vitamin D deficiency 
(2). Both vitamin D deficiency and LRTI are significant 
public health problems in developing countries like our 

country. Currently, it is known that vitamin D deficiency 
constitutes a risk in terms of various conditions includ-
ing mainly rickets/osteomalacia, various cancers, auto-
immune diseases, hyperproliferative skin diseases, car-
diovascular system diseases and infectious diseases (3). 
Vitamin D has an important role in cellular and humoral 
immunity and pulmonary functions (4, 5). In our coun-
try, no study examining the relationship between LRTI 
and vitamin D deficiency in children has been conduct-
ed. In this case-control study, we aimed to examine the 
relationship between LRTI and vitamin D deficiency in 
children.

Material and Methods 
A total of 122 children aged between six months and five 
years who presented to the pediatric outpatient clinic be-



tween December 2010 and February 2011 including 63 
children who were diagnosed with LRTI for the first time 
and 59 children who had no chronic disease and who 
did not show any LRTI sing in the last one month were 
included in the study.

While planning the study, Epi Info version 6.0 (CDC) 
package program was used and it was planned to include 
at least 55 children in the study and control groups each, 
with calculation of sample size for unmatched case-con-
trol studies considering a confidence interval of 95%, 
a power of 80%, a disease prevalence of 13.4% and an 
odds ratio of 4.0 (2). 

The age, antropometric measurements and percentiles at 
the time of enrollment, complaints at presentation, du-
rations of complaints, seasons of birth, nutritional status, 
immunization status, heating conditions at home, num-
ber of people living in house, indoor smoking status and 
vitamin D support in the first one year were interrogated 
in all children included in the control and study groups. 
The children who were not in the appropriate height and 
weight percentile for age, who had a history of prema-
ture delivery, who had malnutrition or chronic disease, 
who received breastmilk for less than 6 months, whose 
immunizations were incomplete, who were warmed by 
stove or open fire at home, who were exposed to indoor 
smoking, who had crowded life conditions, who had a 
history of recurrent LRTI and who had not received vi-
tamin D supplementation in the first year of life were 
not included in the study (In our country, a supplement 
of 400 IU vitamin D has been given to all babies aged 
between 0 and 12 months since 2005 for the aim of pre-
venting vitamin D deficiency). 

Fever, cough and tachypnea were considered signs of 
lower respiratory tract infection. Tachypnea was defined 
as a respiratory rate above 60/minute in babies aged 
younger than two  months, above 50/minute in children 
aged between two months and  one year and above 40/
minute in children aged between one and five years ac-
cording to the criteria of the World Health Organization 
(2). Subcostal, intercostals and suprasternal retractions 
and nasal flaring, if present, and oxygen saturations were 
recorded. Lung auscultation findings were recorded 
as rales, ronchi, wheezing and prolonged expiration. A 
body temperature above 38°C was considered high fever. 
The radiological findings, white cell counts, presence of 
shifting to left on peripheral smear, C-reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) values, 
treatment given and hospitalization were recorded. A 

C-reactive protein value of 0-6 mg/L and an ESR value 
of <20 mm/h were considered normal. The patients were 
classified as bronchiolitis, bronchopneumonia and pneu-
monia according to the clinical and laboratory findings.

The patients who were diagnosed with lower respirato-
ry tract infections were treated in the outpatient or in-
patient setting according to the severity of the disease. 
Hospitalization durations and the therapies adminis-
tered in all patients were recorded. Whether or not Vita-
min D status changed according to season of birth, white 
blood cell counts, CRP levels, peripheral smear findings, 
oxygen saturations, lung graphy findings, hospitalization 
requirements, intensive care requirements and antibiot-
ic treatment requirements was evaluated in the patient 
group. The relationship between vitamin D status and 
the diagnoses and hospitalization durations was also in-
vestigated.

25 (OH) vitamin D level was studied with Shimadzu 
device using the HPLC technique and ImmunChrom 
(IC3401rp) kit. Separation was performed using reversed 
phase column in the HPLC method and vitamin D level 
was determined on UV detector. The results were given 
as ng/mL. A 25 (OH) vitamin D level of <20 ng/mL was 
considered vitamin D deficiency, a level of 20-30 ng/mL 
was considered vitamin D insufficiency, a level of  >30 
ng/mL was considered normal and a level of >150-200 
ng/mL was considered intoxication (6). The blood sam-
ples for studying vitamin D were obtained at the time of 
presentation and kept at -20°C. At the end of the study, 
vitamin D level was studied all together in all blood sam-
ples. 

The study was conducted with the approval obtained from 
Gazi University School of Medicine Ethics Committee 
dated 03/23/2011 with number B.30.2.GÜN.0.20-3657 
- 16. Written informed consent was obtained from the 
parents of all children included in the study.

Statistical analysis
The data were recorded in the SSPS (Statistical Package 
for the Social Science, Inc.; Chicago, IL, USA) 15.0 pack-
age program and statistical analyses were performed. 
The variables specified with measurements were ex-
pressed as mean ± standard deviation and median (min-
imum, maximum). The variables specified by counting 
were expressed as percentages. Chi-square test was used 
in comparison of counting values of the patient and con-
trol groups. Compatibility with the normal distribution 
of the measurement variables was tested with Kolmog-
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orov-Smirnov test. Nonparametric tests were used when 
the variables were not compatible with the normal distri-
bution. Non-parametric correlation test (Spearman) was 
used to find the factors related with vitamin D levels. A 
p value of <0.05 was considered statistically significant. 

Results 

The mean age was found to be 21.05±13.7 months (6-
59 months) in the patient group and 21.10±13.6 months 
(6-48 months) in the control group. No statistically sig-
nificant difference was found between the patient and 
control groups in terms of mean age (p>0.05). 

The complaint of cough was present in all children in 
the patient group at presentation and 53 patients (84%) 
had tachypnea. On physical examination, tachypnea was 
found in 52 patients (82%) and retractions (subcostal, 
intercostals and suprasternal) were found in 52 patients 
(82%). Infiltration on lung graphy was present in 52 
(82%) of the patients. C-reaktive protein was found to 
be positive in 46 (73%) of the patients. The complaints, 
physical examination findings and laboratory findings of 
the patient group are shown in Table 1. 

The mean vitamin D level was found to be 34.9±22.1 ng/
mL in the patient group and 37.2±21.4 ng/mL in the 
control group. No statistically significant difference was 
found between the two groups in terms of these values 
(p=0.389). Vitamin D deficiency was found with a rate of 
25% and vitamin D insufficiency was found with a rate of 
22% in all children included in the study. Vitamin D de-
ficiency and insufficiency were found with a rate of 31% 
and 19%, respectively, in the patient group and with a 
rate of 19% and 25%, respectively, in the control group 
(Figure 1). No difference was found between the patient 
and control groups in terms of vitamin D deficiency and 
insufficiency (p>0.05). 

Twenty six (41%) of the children in the patient group and 
30 (51%) of the children in the control group were born 
in winter. Thirty seven (59%) of the children in the pa-
tient group and 29 (49%) of the children in the control 
group were born in summer. No difference was found 
between the patient and control groups in terms of birth 
season (p>0.05). The mean number of people living in 
house in the patient and control groups was four. 

Thirty two (51%) of the patients were treated in an out-
patient setting and 31 patients (49%) were treated in an 
inpatient setting. Three patients (5%) needed intensive 

care. Sixty five percent of the patients received antibiotic 
treatment. 

No significant correlation was found between vitamin D 
status of the patients and the parameters presented in 
Table 2 (p>0.05). 

When the vitamin D status of the patients were com-
pared according to the diagnoses they received, no sig-
nificant correlation was found between the diagnosis 
and vitamin D level (p>0,05) (Table 3). 

The mean hospitalization duration was 5.9±2.5 (3-12) 
days in the patient group. When the relationship be-
tween hospitalization durations and vitamin D level was 
examined, a positive, weak (r=0.08) and statistically in-

Table 1. Complaints, physical examination findings and  
laboratory findings in the patient group

   Present  Absent  
(n=63) n (%) n (%)

Complaint   

 Tachypnea  53 (84) 10 (16)

 Cough  63 (100) -

Physical examination   

 Fever  29 (46) 34 (54)

 Tachypnea 52 (82) 11 (18)

 SpO2>92%  46 (73) 17 (27)

 Rales  44 (70) 19 (30)

 Wheezing  51 (81) 12 (19)

 Prolonged expiration  19 (30) 44 (70)

 Retractions  52 (82) 11 (18)

Laboratory findings   

 Infiltration on lung graphy 52 (82) 11 (18)

 Increased white blood cells 30 (47) 33 (53)

 Shifting to left on peripheric blood smear  32 (49) 31 (51)

 CRP>6 mg/L  46 (73) 17 (27)

 ESR>20 mm/h*  33 (78) 9 (22)

*ESR was measured in 42 patients.

CRP: c-reactive protein; ESR: erythrocyte sedimentation rate
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Figure 1. Vitamin D status in the patient group, in the control group 
and in all subjects included in the study (p>0.05)
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significant (p=0.665) correlation was found between the 
hospitalization duration and vitamin D levels. 

Discussion 

It is thought that vitamin D deficiency is endemic and 
affects one billion people worldwide (7). In children, vita-
min D deficiency and insufficiency are important health 
problems and variable prevalences have been reported in 
studies conducted in many countries (8-11). In a study 
conducted in Greece, vitamin D deficiency was found 
with a rate of 14% in children aged between three and 
18 years (8). In USA, vitamin D deficiency was found with 
a rate of 14% and vitamin D insufficiency was found with 
a rate of 63% in 1799 children aged between one and 
five years (9). In another study, vitamin D deficiency was 

found with a rate of 12% and vitamin D insufficiency was 
found with a rate of 40% in 133 infants aged between 
eight and 24 months (10). In Toronto, vitamin D deficien-
cy was found with a rate of 32% and vitamin D insuffi-
ciency was found with a rate of 82% in 91 children aged 
between 24 and 30 months (11).

In our country, the number of studies related with vita-
min D level in children aged below five years is quite lim-
ited. The prevalence of rickets related with nutrition was 
found to be 6% by Özkan et al. (12) in the 0-3-year age 
group in Erzurum region. In another study conducted 
in the same region by Özkan et al. (13) together with the 
Ministry of Health with approximately 50 000 subjects in 
2007, the prevalence of rickets related with nutrition (vi-
tamin D deficiency) was found to be below 1% in the 0-3-
year age group. In a study conducted in 2002, vitamin D 
deficiency was found with a rate of 25% and vitamin D 
insufficiency was found with a rate of 15% in breastfed 
babies (14).

In this study, the relationship between vitamin D level 
and LRTI was investigated in children. Vitamin D defi-
ciency was found with a rate of 25% and vitamin D in-
sufficiency was found with a rate of 22% in all children 

Table 2. Vitamin D status by characteristics of the patient group 

  Vitamin D deficiency Vitamin D insuffiency Normal 
  n (%) n (%) n (%) P

Season of birth  Winter 11 (42.3) 2 (7.7) 13 (50) 0.102

 Summer 9 (24.3) 10 (27) 18(48.6)

Increased white Present 9 (30) 8 (26.7) 13 (43.3) 0.333 
blood cells Absent 11 (33.3) 4 (12.1) 18 (54.5)

CRP  Normal 7 (41.2) 3 (17.6) 7 (41.2) 0.612

 Increased 13 (28.3) 9 (19.6) 24 (52.2)

Shifting to the left on  Present 11 (34.4) 7 (21.9) 14 (43.8) 0.688 
peripheric blood smear Absent 9 (29) 5 (16.8) 17 (54.8)

SpO2  <92% 8 (44.4) 3 (16.7) 7 (38.9) 0.387

 >92% 12 (26.7) 9 (20) 24 (53.3)

Infiltration  Present 18 (34.6) 11 (21.2) 23 (44.2) 0.061a 
on lung graphy Absent 2 (18.2) 1 (9.1) 8 (72.7)

Hospitalization Present 11 (34.4) 8 (25) 13 (40.6) 0.313

 Absent 9 (29) 4 (12.9) 18 (58.1)

ICU Required 1 (33.3) 1 (33.3) 1 (33.3) 0.999a

 Not required 19 (31.7) 11 (18.3) 30 (50)

Antibiotic  Received 12 (29.3) 9 (22) 20 (48.8) 0.678

 Did not receive 8 (36.4) 3 (13.6) 11 (50) 

CRP: c-reactive protein; ICU: Intensive care unit
aThe groups of vitamin D deficiency and insufficiency were combined in statistical analyses performed with the lines of infiltration on lung graphy and ICU (Fisher’s exact test was performed).

Table 3. Vitamin D status by diagnoses of the patient group 

 Vitamin D  Vitamin D Vitamin D 
 deficiency insufficiency Normal 
 <20 ng/mL 20-30 ng/mL  >30 ng/mL 
 n (%) n (%) n (%) p

Bronchiolitis (n=22) 8 (36) 3 (13) 11 (50) 

Pneumonia (n=9) 1 (11) 2 (22) 6 (66) 0.609

Bronchopneumonia (n=32) 11 (34) 7 (21) 14 (43) 
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included in this study. The frequency of vitamin D de-
ficiency is increasing, because sun light can reach the 
skin to a lesser extent in winter months and natural food 
usually cannot meet daily vitamin D requirement (15). It 
has been thought that staying inside, air pollution, cov-
ered clothing and lack of regular vitamin D supplemen-
tation in addition to decreased vitamin D synthesis in 
the skin during winter months have a role in low vitamin 
D levels. However, it was notable that we found high-
er rates of vitamin D deficiency and insufficiency in our 
study compared to the previous studies conducted in our 
country (12-14), although the children included in our 
study showed an age-appropriate development, received 
vitamin D supplementation during the first year of life 
and breastfed for at least six months and had no accom-
panying chronic disease. 

In a study conducted in Bangladesh which examined 
the relationship between vitamin D level and lower 
respiratory tract infections, the 25 (OH) D levels were 
compared between 25 babies aged between one and 18 
months who were hospitalized because of LRTI and 25 
age and gender matched control babies who lived in the 
same village. 25 (OH) D was found to be lower in babies 
with LRTI and it was concluded that vitamin D deficien-
cy was related with LRTI in the early childhood (16). In 
our study, no significant difference was found between 
the patient and control groups in terms of vitamin D 
level. However, the rates of vitamin D deficiency and 
insufficiency in both groups were found to be higher 
compared to the studies conducted in our country and 
in the world (8, 10, 13, 14). 

Studies have reported that vitamin D deficiency has a 
negative impact on the prevalence of LRTI and disease 
severity and increases intensive care and oxygen require-
ments of LRTI patients (17-20). In this study, no signifi-
cant correlation was found between vitamin D status and 
LRTI or disease severity, but the fact that vitamin D levels 
was below normal in 47% of all children included in the 
study suggested that this result was important for our 
country in which both LRTIs and vitamin D deficiency 
are prevalent. 

Although there is no other study conducted in our coun-
try examining the relationship between vitamin D and 
LRTI, studies examining the relationship between vita-
min D and asthma showed that the disease severity and 
frequency of exacerbations and emergency department 
admissions were increased in children with low vitamin 
D levels (21-23). 

Although no correlation was found between LRTI and vi-
tamin D in our study, it is recommended that vitamin 
D level should be measured in children with LRTI and 
all children should be given vitamin D supplementations 
especially in winter months considering the effects of 
vitamin D on infections, pulmonary functions and im-
munity. Studies with larger series with long follow-up 
periods should be conducted for definite results. 
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